Injuries of collateral ligaments of MCPs joints are often underdiagnosed but have to be considered serious traumas of the hand. In many cases they concern thumb and rarely long fingers. Closed rupture of the deep transverse metacarpal ligament (DTML) is an unusual parallel injury. Both lesions present similar symptoms included local pain, swelling, ecchymosis and deviation of the finger in flexion and can be misdiagnosed. We describe the treatment of a 34 years old woman who sustained a complex lesion of the soft tissues of third metacarpophalangeal joint with complete close tear of the radial collateral and deep transverse metacarpal ligament following a fall during a walk thus leading to a multiplanar instability. Surgery consisted in mini anchor repair or the collateral ligament tear, direct resorbable suture of DTML and a double k-wire stabilization. Follow up at 11 months has shown excellent functional outcomes. (www.actabiomedica.it)
Introduction
The metacarpophalangeal joints (MCP) of the fingers are complex condylar hinge joints (ginglymus) capable of multiplanar motion (1) (2) (3) .
The MCPs joints of the ulnar four digits are characterized by high stability as consequence their own ligamentous structure. The capsule of the metacarpophalangeal joint is reinforced on all sides. It extends from the metacarpal neck to the base of the proximal phalanx. Dorsally it is reinforced by the common extensor tendon and volarly by the volar plate and the deep transverse metacarpal ligament (DTML). The latter runs across the palmar surfaces of the heads of the second, third, fourth and fifth metacarpal bones, connecting them together and merges with the col-lateral ligaments of MCP joints providing some radial and ulnar stability (12) . This capsule is reinforced by the collateral and accessory collateral ligaments and the tendons of the interosseous muscles. The collateral ligaments represent a deep portion of the capsule which can be clinically significant, because they can be avulsed while the capsule remains intact (4) .
The collateral ligaments originate dorsally from the radial and ulnar tuberosities of the metacarpal head and course distally and obliquely to insert on the radial and ulnar tuberosities on the palmar proximal margins of the base of the proximal phalanx.
The accessory collateral ligaments originate just palmar to the collateral ligaments and insert on the lateral sides of the volar plate.
The collateral and accessory collateral ligaments act in a reciprocal fashion: the collateral becomes progressively stretched during flexion and shortens during extension; the accessory collateral ligaments are tensed in extension and relaxed during flexion (1) (2) (3) 5) .
A significant force is reported to be required to injure the collateral ligament with acute ulnar or radial deviation or forced twisting injury. The collateral ligaments are susceptible to injury from laterally directed stresses. Such stresses are usually associated with some dorsally directed component leading to volar plate tear.
Isolates tears of collateral ligaments are rare and concomitant lesions, such as rupture of the deep transverse metacarpal ligament (DTML), should be always investigated.
Injuries to the ligaments of MCP joints fingers are probably more common than expected and a basic understanding of the complex anatomy and of common ligaments injury mechanisms can help in the proper diagnosis and treatment.
Case report
C.C., a 34-year-old female, fell with her fingers straight on the ground during a walk and sustained a complex lesion of the soft tissues of third metacarpophalangeal joint. Pain (accentuated by gripping) and swelling in the region surrounding the third metacarpophalangeal joint of the right hand characterized the clinical presentation.
The patient was admitted at our Emergency Room (ER) and conventional radiographs were done (AP and LL) but no sign of fracture, ligament avulsion or dislocation were observed.
Multiplanar instability (dorso-volar and radioulnar) with floating of the third finger, ulnar deviation during flexion at the metacarpophalangeal joint (figure 1A) and palpatory dorso-volar conjunction of second intermetacarpal space were detected (figure 1B). Therefore MRI imaging were done and a anechoic fluid was visible within the third MTC joint (figure 2).
Surgery was performed within 2 days of the injury under regional anesthesia and antibiotic prophylaxis with cefazolin sodium was administered.
The lesion was approached through a dorso-radial incision of about 3 cm of length localized over the third metacarpophalangeal joint. After identification of the dorsal sensory nervous branches, the extensor tendon was dissected longitudinally for about 2,5 cm. Once the capsule was exposed, a longitudinal capsulectomy was performed. Complete tear of the radial collateral and accessory collateral ligaments origins from the phalange and deep transverse metacarpal ligament rupture was observed (figure 3) as well as intra-articular fluid. At the end of the procedure capsulodesis and repair of the extensor apparatus after fixation of the second and third metacarpus with two 1,4 and 1,6 Kirschner wires (K-wires) under fluoroscopy (figure 5) were performed.
The final functional assessment did not show ulnar deviation either in flexion or in extension. Joint alignment, stability, and full passive range of motion were completely restored (figure 6).
The metacarpophalangeal joint was immobilized in a plaster cast at 30° of flexion for 3 weeks and interphalangeal joint motion was encouraged immediately 
Rehabilitation
Activity of daily living (ADL) demand that the joints of the hand have to be both stable and allow for mobility. The joint conformation of the hand is exceptionally designed to provide both stability, to intricately transmit power from the forearm musculature to fingertips, and mobility, to position the digits for countless tasks (16) .
Although evidence-based literature is lacking, clinical studies recommend an early motion program, even following potentially unstable injuries (17, 18) .
The benefits include improved connective tissue healing due to physiologic stress applied early on, and heightened soft tissue mobility around the injury site (17, 19) .
The goal of an early motion program is to provide the minimum amount of stress to the healing tissue while allowing for the right amount of excursion of soft tissue to prevent motion-limiting adhesions. Minimum" and "right" amounts are different for each patient and injury (20) .
The patient went to a private Occupational Therapy owned hand therapy service 13 days after surgery, wearing a plaster cast with the MP joints of the II and III fingers flexed at 30° and IP joints in full extension.
To maintain joint stability and allow proper injury healing, a custom LTTP (Low Temperature Thermo-Plastic) blocking and protective orthosis for continual wear was fabricated, with the adjacent finger (Index) included and with the MP joints of the II and III fin- gers flexed at 45°. IP joints of the same fingers were left free to move through buddy taping placed on the middle phalanx (21) .
Early edema control was accomplished through elevation, cold, compression and soft manual edema mobilization (22, 23) .
Programmed follow-ups to assess and adjust if necessary the orthosis were done weekly as edema in the hand is known to fluctuate according to Gaffney Gallagher (20) .
A within-orthosis exercise home program was performed 3 to 5 times per day and educational information were provided to the patient for the first 4 weeks.
Patient assessment included 1-active (AROM) and 2-passive range of motion (PROM) both recorded with a goniometer, 3-grip strength recorded with a standard dynamometer, 4-pinch strength recorded with a standard pinch meter, as well as a functional status of the hand recorded using 5-Patient-Rated Wrist and Hand Evaluation (PRWHE) (24) .
Therapy sessions started at 3.5 weeks after surgery, once K-wire removal occurred. These bi-weekly therapy session lasted two hours and were devised personally for the patient's needs and included: hydrotherapy with specific and custom exercises, occupational activities aimed at the functional recovery of movement and strengthening, proprioceptive exercises, motor and sensory reintegration, functional neuro-muscular electrical stimulation and scar management.
-3.5 weeks postop: AROM client-fitted activities, it was important to ensure that lateral stress was not placed on the MP joint (21) ; orthosis was worn between therapy sessions, home-exercises and at night. -6 weeks postop: gentle strengthening clientfitted activities and PROM was initiated; given the absence of pain at the MP joint, the orthosis was continued at night and for shock-risk situations (21). -7 weeks postop: increased strengthening, adapting loads on patient according to pain and capacities, pinch strengthening was initiated with the surgeon's approval. -8 weeks postop: the patient was discharged. The orthosis was discontinued. The patient was en-couraged to continue buddy taping for sport and heavy activities until 10-12 weeks (21). -Follow ups at 5 and 11 months postop were planned. The outcome measures showed a rapid and progressive improvement in AROM and PROM flexion of the MP joints, which at discharge were only slightly lower than the healthy contralateral joint, whereas extension was fully recovered. PIP joint ROM was fully recovered at 6 weeks postop. At 5 and 11 moths follow ups AROM showed a full recovery.
Grip strength, compared with the healthy side, increased from 25% at baseline to 50% at discharge. The functional limit of 20 pounds (9.1 Kg) to perform most daily activities according with Terrono et al. (25) . At 5 months follow up, grip strength reached 90% of the unaffected side while at 11 months reached 95%.
Pinch strength was assessed at 7 weeks postop. Lateral and three-jaw chuck pinch were recorded. Results shows 66% of strength in comparison with the unaffected side at 7 weeks postop baseline, again reaching the functional limit strength of 5-7 pounds necessary to accomplish most daily activities. (25) . At discharge, pinch was 75% in comparison to the healthy side. At 5 months follow up pinch strengths reached 95% of the unaffected side, while at 11 months follow up was 105%.
Pain and function, according to the PRWHE (24), decreased from a value of 32/100 (Pain: 7 -Function: 25) to a value of 5/100 (Pain: 2 -Function: 3) at patient discharge. At 5 and 11 months follow up a value of 2/100 (Pain: 2 -Function: 0) and 0/100 (Pain: 0 -Function: 0) respectively was recorded.
Patient was extremely satisfied and she went back to her normal life with no limitation ( figure 8 ).
Discussion
Injuries of collateral ligaments of MCP joint are often underdiagnosed but have to be considered serious traumas of the hand (6) .
The injury should be diagnosed mainly by clinical investigation. To confirm the diagnosis radiographs, US and/or MRI imaging may be performed (26) .
Symptoms include local pain, swelling, ecchymosis, and tenderness.
Lateral stress test with the metacarpophalangeal joint fully flexed evaluates collateral ligament; on the contrary full extension tests examine the integrity of the accessory collateral ligaments. Local anesthesia may be necessary to perform these maneuvers (27) .
Closed rupture of the DTML is an unusual injury and the findings of these lesion can be confused with a collateral ligament injury (28) .
The collateral ligament may tear most commonly from its insertion or rarely from its origin (in both cases with or without avulsion fragment) or within its substance (7) . The accessory collateral ligament may be involved in more severe cases.
These lesions are commonly classified according to which divided these ruptures in 3 grades. Grade I is characterized by small partial tears with joint stability preserved. In Grade II injuries a laxity caused by incomplete tear is present. Finally in Grade III injuries the joint is unstable as a result of tearing ligament and joint capsule.
Literature shows different approaches to these lesions either close reduction with metacarpophalangeal split (with or without K-wire pinning) or open reduction with direct suture or anchor suture repair. Rarely is required a tendon graft (7) (8) (9) (10) (11) .
We performed combined technique because of the III grade lesion of collateral ligaments and the dorso-volar instability due to DTML rupture (15) .
Conclusion
Tears of collateral ligaments with parallel lesions of the deep transverse metacarpal ligament (DTML) is a severe conditions that can lead to a multiplanar instability of MCP and cause deformity and dysfunction over time. In these cases, acute surgical reconstruction and prompt rehabilitation is necessary for a full recover. 
